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(54) Mobile communication system, mobile base station, and method off controlling them 



(57) A mobile communication system involves a 
mobile space defined in, tor example, a train, and 
mobile terminals available in the market When the 
mobile terminate are used in the mobie space, the sys- 
tem provides them with value-added services exclusive 
to the mobile space. The system also includes existing 
base stations each controlling a fixed radio zone that 
covers a predetermined area, and a mobile base station 
for controlling a mobile radio zone allocated to the 
mobile space where the mobile terminals are used. The 
mobile base station serves as a mobile base station to 
conminicate with the ensting base stations, and as a 
fixed base station to communicate with the mobile ter- 
minals when the mobie terminals are in the mobie 
radio zone. Also provided is a method of controlling 
such a system. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 



[0001] The present invention rebates to mobile com- 
munication and, particularly, to a mobile communication 
system involving a mobile base station that is installed 
in, for example, a train to provide value-added services 10 
to mobile units such as cellular phones and pagers that 
are present in a mobile space formed in the train. The 
present invention also relates to a method of controlling 
such a system and such a mobile base station. 
[0002] The present invention allocates a mobile racfo is 
zone to a mobile space defined in, for example, a pubic 
transport unit such as a train or a bus, and provides spe- 
cific services only to mobfle units that are present in the 
mobile radk) zone. 

20 

2. Description of the Related Art 

[0003] There are nopricr arts that employ the concept 
of assigning a mobile rado zone to a mobile space so 
that the mobile radio zone may travel together with the 25 
mobile space. This concept is advantageous in clearly 
separating the inside of the mobile space from the out- 
side thereof. 

[0004] The prior arts emptoy fixed radio zones, which 
are unable to separate subscriber terminals that are so 
present in the mobile space from those that are present 
outside the mobile space. The prior aria therefore, are 
unable to provide exclusive services only to subscriber 
terminals that are present in the mobile space. 
[0005] Figure 1 shows a mobile communication sys- as 
tern according to a prior art 

[0006] An existing base station 1 0 (A) has a fixed rado 
zone 20 (CzA) in which a mobile space 30 (B) travels. 
The mobde space 30 accommodates mobile subscriber 
terminals 40 and 41 (a, b). A mobile subscriber terminal *o 
42(c) is inside the zone 20 but outside the mobile space 
30. The existing base station 10 pro/Wee oo mmu nic a - 
tion services to the subscriber terminate 40 to 42. 
[0007] The existing base station 10 cfirectty controls 
thesub6CTK>ertem*^40to42w^regardtothair^ 45 
and speech signals and* therefore, cannot taow 
whether the subscriber terminal 40 is inside or outside 
the mobile space 30. The existing base station 10 sim- 
ply provides the same services to afl of the subscriber 
terminals 40 to 42 without cfiscriminating the subscriber so 
terminals 40 and 41 that are inside the mobile space 30 
from the subscriber terminal 42 that is outside the 
same. 

[0008] If the mobfle space 30 wants to provide the 
inside thereof with specific services such as arrival time 55 
notification, the mobile space 30 must have devices to 
cfcptay the information, or passengers in the mobie 
space 30 must have special receivers to receive the 




information. Such display devices involve costs, which 
may be absorbed by displaying corporate advertise- 
ments thereon. The costs of such special receivers, 
however, must impose a burden on passengers. 
[0009] Instead of the special receivers, the existing 
base station 1 0 may employ standard subscriber termi- 
nals to use special dial services. The mobile space 30. 
however, travels along a route where there are radio 
blocking objects such as high buikings and turmete. ft is 
impossible for the existing base station 10 to secure sta- 
ble communication for the subscriber terminals in the 
mobile space 30 that travels along such a radio blocking 
rpute. 

[0010] When the mobile space 30 moves from the 
zone 20 to the next zone 21 at a high speed, channel 
switching and position registering processes simultane- 
ously occur between the existing base stations and the 
subscriber terminals in the mobile space 30. to maintain 
communication between them. This may temporarily 
congest a network that connects the existing base sta- 
tions to one another. At the same time, each subscriber 
terminal must scan perch channels to exhaust the bat- 
tery thereof. 

SUMMARY OF THE INVENTION 

[0011] An object of the present invention i6 to assign 
at least one mobde racfo zone to a mobile space such 
as a tram or a bus so that the mobile radio zone may 
travel with the mobile space. The mobfle radio zone 
clearly separates the inside of the mobde space from 
the outside thereof and provides subscriber terminals 
that are present in the mobile radio zone with exclusive 
services. 

(0012) In order to accomplish the object the present 
invention, provides a mobile cornrnunication system 
inducing existing bass stations each for controlling a 
fixed radio zone that covers a predetermined area, a 
mobfle bass station for centre* ng at least one mobile 
radio zone assigned to a mobile space, and mobile sub- 
scriber terminals. 

[0013] The mobfle base station has a first communi- 
cation unit tor cxxrvnuncating with the existing base sta- 
oons, a second convnuracoMn unit tx conviumcaong 
with the subsi riber terminals, and a control unit tor con- 
trol bng path connection between the first and second 
oowmuf M ca b on units. 

[0014] The first corrtrnunication unit connects and 
switches channels to the existing base stations, inde- 
pendently of the second coin i lunjcation unit The first 
communicstion unit holds control channels to the exist- 
ing base stations and scans perches sequentially for 
released ones of the control channels. 
[0015] The second communication unit connects and 
switches channels to the subscriber terminals, inde- 
pendently of the first convnunication unit The number 
of mobfle radio zones controlled by the second commu- 
nication unit is at least one, and the second commuroca- 
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tion unit communicates with subscriber terminate that 

are present in the mobile radio zones. 

[0016] The second communication unit make6 the 

level of signals transmitted thereby higher than the level 

of signals received thereby from the existing base sta- s 

tions. 

[0017] The mobile base station further has a service 
unit for providing specific services to subscriber termi- 
nals that are present in the mobile radio zones. The 
specific services may be individually provided to the io 
mobile radio zones. 

[0018] When entering into and exiting from the mobile 
radio zone, a subscriber terminal according to the 
present invention connects and switches channels if the 
entered or exited state continues for a oredetermmed is 
time. The mobile base station may confirm the entered 
or exited state according to whether or not the state 
continues for the predetermined time. The existing base 
stations may confirm the entered or exited slate accord- 
ing to whether a not the state continues for the prede- 20 
tormined time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The present invention wil be more dearly 25 
understood from the description as set forth below with 
reference to the accompanying drawings, in which: 

Fig. 1 shows a mobile communication system 
according to a prior art 90 
rig. c snows communication oecween existing oase 
stations and a mobile base station according to the 
present invention; 

Figs. 3 and 4 show speech channel switching con- 
to among existing oase seasons, a moone oase ss 
station, and subscriber terminals according to the 
present invention; 

Fig. 5 shows a basic arrangement of a mobile base 
station according to the present invention; 
Fig. 6 shows an operation of a subscriber terminal 40 
that is in a waning state and moves from an existing 
radio zone into a mobie radto zone, according to 
the present invention; 

Fig. 7 shows an oper a tion of a subscnber terminal 
mat Is in a wattig state and moves from a mobie 45 
radio zone into an ewsting radto zone, according to 
the present nvsntton; 

Figs. 8A and 86 show holding and switching control 
according to the present invention; 
Figs. 9 A and 96 show fransmisston power control so 
accorowig to me pressrn tfwenoon, 
Figs. 10A 106 and 11A. 116 show an operation of 
a subscriber terminal that is in a talcing state and 
moves from an existing radto zone frito a mobie 
radto zone, according to the present invention; 55 
Figs. 12A, 126 and 13 show an operation of a sub- 
scriber terminai that is in a talking state and moves 
from a mobile radto zone into an existing radto 



zone, according to the present invention; 
Figs. 14 A, 148 show a position registering opera- 
tion of a mobile base station, according to the 
present invention; 

Fig. 1 5 snows a control channel swrtchi ng operation 
according to the present invention; 
Figs. 16 and 17 show an operation of handling an 
incoming call to a subscriber terminal that is 
present in a mobie radto zone, according to the 
present invention; 

Figs. 18 A, 188 show an operation of handling an 
outgoing caU from a subscriber terminal that is 
present in a mobie radto zone, according to the 
present invention; 

Figs. 19A, 196 show a channel switching operation 
of a mobile base station between existing base sta- 
tions, a cc or di ng to the present invention; 
Fig. 20 shows a channel s wi tc hing operation of a 
mobie base station between mobie radto zones, 
accord in g to the present invention; 
Rg. 21 shows a s peec h termination operation 
according to the present invention; 
Fig. 22 shows a squelch operation between a 
mobie base station and an existing base station, 
according to the present invention; 
Fig. 23 shows a squelch operation between a 
mobie base station and a subscriber terminai, 
accorong v> me present invention, 
Fig. 24 shows an operation of providing additional 
services through speech channels, according to the 
present invention; 

Fig. 25 shows an operation of providing additional 
services through control channels, according to the 
present invention, 

Rg. 26 shows an operation of providing an incom- 
ing call rejection service accordng to the present 
invention; 

Fig. 27 shows an operation of provkfng an outgoing 
call rejection service according to the present 
invention; and 

Figs. 28 and 29 show an operation of providing 
additional services through speech and control 
crtanrtee, acoorang v> me present nvenoon. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0020] Figure 2 shows communication between exist- 
ing base stations and a mobie base station according to 
the present invention. 

[0021] A mobile space 30 travels within a mobie com- 
rnunicatton service area. The mobie space 30 is. for 
example, a train con si st ing of cars a, b, and 0 A mobile 
radto zone is assigned to each of the cars. The mobile 
space 30 travete from a fixed easting racfio zone 20 (A) 
to a fixed existing ratio zone 24 (E). 
[0022) The mobie space 30 has a mobie base station 
for condoling the mobile ratio zones to cornmunicate 
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with mobile subscriber terminals that are present in the 
mobile radio zones and provide exclusive services 
thereto. The mobile base station communicates with the 
existing base stations and carries out communication 
operations such as channel switching and position reg- 5 
i storing. 

[0023] For the sake of simplicity of explanation, the 
mobile space 30 is referred to as the mobile base sta- 
tion 30 in the following description. The mobile base sta- 
tion 30 starts from the existing radio zone 20 controlled 10 
by an existing base station 10 (A). Namely, the mobile 
base station 30 holds perch channels of the existing 
base station 10 to secure speech channels to the exist- 
ing base station 10 If there are calls. When the mobie 
base station 30 starts to move toward an existing racfo 15 
zone 22 controlled by an existing base station 11, a 
axmiurocation condition with the existing base station 
11 gradually improves from a point SO (w) where the 
existing ratio zones 20 and 21 overlap. 
[0024] The mobile base station 30 scans perch chart- 20 
nets and switches the existing base station 10 to the 
existing base station 1 1 that secures the best <x>rnmuni- 
catoi condition at the moment If there are conversa- 
tions in progress at this moment the mobie base 
station 30 switches speech channels for the conversa- 25 
tions. The similar switching operation is carried out at 
each of points 51 to 53 (x to z). and the mobile base sta- 
tion 30 arrives at a destination in the existing radio zone 
24. 

[0025] Figure 3 shows speech channel switching con- x 
tool among the existing base stations, mobile base sta- 
tion, aid subscriber terminals 
[0026] The mobfle base station 30 travels torn the 
existing radio zone 20 toward the existing radio zone 21 
wrme swficning speecn cnannes. 36 
[0027] The mobile base station 30 controls one or 
more mobile racfo zones GO-1 and 60-2. which involve 
transceivers 37-1 and 37-2, respectively, to radio-com- 
municate with subscrtoer terminals that are present in 
the mobile radio zones. The mobie radio zones 60-1 40 
and 60-2 co rre sp ond to the cars a and b of Rg. 2, 
respectively A subsortoer tormkml 40 is in the mobie 
radw zone 60-1 at first end moves to the mobile radk) 
zone 60-2. 

[0028] As wil be exp l ain e d later with reference to Fig. 40 
9, the transceivers 37-1 and 37-2 control the level of 
radio transmission si g nals to be higher than the level of 
signals received from the existing base stations by a 
predetermined value. This is to control the level of 
perches among the subscrtoer terminal 40. mobie base so 
station 30, and existing base stations 10 and 11 in such 
a way as to give priority to con n ec ti on between the sub- 
scriber terminal 40 and the transceiver 37-1 or 37-2. 
This level controlling of the present invention enables 
subscriber terminals available in the market to be used 55 
in mobie objects to receive exclusive services. 
[0029] Cornmunication between the existing base sta- 
tions 10 and 11 and the mobile base station 30 is car- 



ried out as explained with reference to Fig. 2. 
Communication channels are switched from those of 
the existing base station 10 to those of the existing base 
station 11 at around the point 50 where the existing 
radio zones 20 and 21 overlap. According to the present 
invention, connection between the mobie base station 
30 and the subscriber terminal 40 that is in the mobile 
radk) zone 60-1 is unchanged at the point 50 to maintain 
communication. 

[0030] If the subscriber terminal 40 moves from the 
mobile racfo zone 60-1 into the mobile radio zone 60-2. 
the quality of con n ection with the transceiver 37-1 dete- 
riorates, and that with the transceiver 37-2 improves. 
Consequently, the mobile base station 30 switches the 
connection of the subscriber terminal 40 from the trans- 
ceiver 37-1 to the transceiver 37-£ 
[0031] Figure 4 shows speech channel switching con- 
trol among the existing base stations, mobile base sta- 
tion, and subscrtoer terrwials. 
[9032] The mobile base station 30 travels from the 
existing radio zone 20 toward the existing radio zone 21. 
and control channels are switched from one to another. 
[0039] The mobile base station 30 is connected to the 
existing base station 10 through a control channel 1. 
Under the control of the mobie base station 30. the sub- 
scriber terrrmai 40 is making a cal through the control 
channel 1. As the mobie base station 30 approaches 
the point 50, the quality of connectio n with the existing 
base station 10 deteriorates, and that with the existing 
base station 11 improves. 

[0034] The mobie base station 30 maintains the call 
(rfthesubscri)erterrnnal40un 
scriber terminal 41 makes a new call, the mobie base 
station 30 handles the new cat with the existing base 
station 1 1 through a control channel ra Soon, thecal of 
the subscriber terminal 40 completes, while the cal of 
the subscriber terminal 41 continues. The control chan- 
nel I through which the cal of the subscriber terminal 40 
has been completed scans perches to make itself pre- 
pared for the quality deterioration of ^ 
m 

[0035] According to the present inventkxi, the mobie 
base station 30 serves Qteraly as a mobile base station 
with respect to the existing base stations 10 and 11 
through the control channels I and m. On the other 
hand, the mobie base station 30 serves as a fixed base 
station with respect to the subscriber terminals 40 and 
41. In this way, the present invention is capable of 
dearly separating hierarchical higher stations from 
lower stations by using the mobile base station 30 as a 
boundary. 

[0036] The mobie base station 30 is capable of pro- 
viding the subscriber terminals 40 and 41. wrtich may be 
those available in the market with exclusive services 
that are fimrted in the train. The exclusive services 
include making a conversation between the subscriber 
terminals in the train, rejecting incoming calls to the 
subscnber terminals, ordering something from a cafete- 
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ria in the train, and getting information about the next 
stop of the train. Naturally, the subscriber terminals can 
start outside calls or receive incoming calls through the 
mobile base station 30. 

[0037] The exclusive services to be provided in the s 
train involve no radio blocking areas, and therefore, are 
of high quality. Even when the mobile base station 30 
moves from one existing radio zone to another, the 
exclusive services are not influenced by such move- 
ment, and therefore, no simultaneous channel switching 10 
and position registering occur. As a result no temporary 
congestion occurs, in a network that controls the exist- 
ing and mobie base stations, and the subscriber termi- 
nals are not required to scan perches to exhaust 
batteries. is 
[0038] Figure 5 shears a basic arrangement of the 
mobile base station 30 according to the present inven- 
tion. 

[0039] A base transceiver 31 comm un i ca tes with the 
existing base stations A base controller 32 controls the 20 
base transceiver 31, secures channels for the base 
transceiver 31, and scans perches in existing radfo 
zones around it 

[0040] Terminal transceivers 37-1 to 37-n communi- 
cate with subscriber terminals that are present in the 25 
mobile radio zones controlled by the mobile base sta- 
tion 30. The terminal transceivers 37-1 to 37-n also con- 
trol the level of radio transmission signals in the mobie 
radio zones as wefl as the level of perches of the sub- 
scriber terminals. A terminal controller 33 controls the so 
terminal transceivers 37-1 to 37-n and switches speech 
and control channels between the mobile radio zones. 
[0041] A main controller 34 controls the base control- 
ler 32 and terminal controller 33 and selects channels 
between them An acfcfitional -service suppler 35 sup- 35 
plies services that are specific to the mobile base sta- 
tion 30. The a dd it ion al services include special dal 
services rndrviduaMy provided for the mobile radfo zones 
and a service for pror ri bttng incoming calls. A mainte- 
nance unit 36 is used to maintain the mobile base sta- 40 
tion 30 as a whole and has a man-machine interface 
such as a personal computer. 
[0042] Figures 6 to 29 show oommu n i cal on control- 
iing sequences among me networx, existing oase s»- 
bons, mobie base station, and subscriber terminals of 45 
Figs. 2 to 5, according to entailments of the present 
invention. 

[0043] The controffing sequences of Figs. 6 to 29 are 
classified into the below- mentioned seven cases, which 
wiD be explained one by one. The details of each of the so 
communication control sequences follow standards 
stipulated in, for example. RCR-27E (NTT) Recommen- 
dations. The seven cases are: 



(1) handling subscriber terminal when it move6 58 
between existing radio zone and mobile radio zone; 

(2) registering position and selecting control chan- 
nels for mobile base station; 



(3) handling incoming call to subscriber terminal in 
mobie radio zone; 

(4) handling outgoing call from subscriber terminal 
in mobile radio zone; 

(5) switching channels for call of subscriber termi- 
nal in mobie radio zone; 

(6) cutting cafl of subscriber terminal in mobile radio 
zone; and 

(7) providing exclusive services in mobile radio 
zone 

(1) Handling subscriber terminal when it moves 
between existing radio zone and mobile radio zone 

[0044] A mobile subscriber terminal that moves 
between an existing radio zone and a mobile radio zone 
is in a waiting or talking state. This will be explained. 

1) Waiting state 

[0046] Figures 6 and 7 show the operation of a mobie 
subscriber terminal of waiting state moving bet w een an 
existing radfo zone and a mobile radio zone. 
[0046] In Fig. 6. the subscrtoer terminal In a waring 
state moves from an existing radio zone into a mobile 
radio zone. The subscriber terminal receives a report 
having a higher signal level from the mobile base station 
that controls the mobie radfo zone and detects a perch 
channel of the mobie radio zone in steps S101 to S103. 
The report includes data about the mobie base station 
and the pos it io n thereof. 

[0047] After recognizing a change in a position 
number in the report the subscriber terminal transmits 
position registering data inducting a machine number in 
step S105. The mobie base station receives the posi- 
tion registering data and transmits it with a mobie base 
station number to the existing base station that controls 
the mobie base station in step S106. The existing base 
SuDon iransrrns me position registering aaxa 10 tne net- 
work in step S107. The network has a home memory 
(HLR). 

[0048] Upon receiving the position registering data, 
the home memory writes the mobile base station 
number as the registered position number of the sub- 
scriber terminal in step S114. If there is a cal for the 
subecrfoer terminal, the mobile base station number in 
the home memo r y is used to find the pos it ion of the sub- 
scriber terminal. 

[0049] The home memory may be tivided into two, 
one for subscriber terminals and the other tor mobile 
base stations. It may be pos s ib le to register a mobie 
base station lite a subscriber terminal in a 6ingle home 
memory. Since the present invention relates a plurality 
of subscriber terminals to a mobile base station, it is 
preferable to prepare a home memory for mobie base 
stations and another for subscriber terminals. 
[0090] In Fig. 7, the subecrfoer terminal in a waiting 
state moves from a mobie radfo zone into an existing 
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radio zone. The subscriber terminaJ detects a perch 
channel of high level in the existing radio zone in steps 
S121 and S122, receives a report from the existing 
radio zone in step S123, and recognizes a change in a 
position number in step S1 24. 5 

[0051] In step S125, the subscriber terminal transmits 
position registering data to the existing base station that 
controls the existing radio zone in question. The steps 
that follow are the same as the corresponding steps in 
Fig. 6. Namely, the existing base station transfers the 1 o 
position registering data to the network in step S126, 
and the network writes the position number of the exist- 
ing radio zone sent from the subscriber terminal in the 
home memory in step S131. 

[0052] It is posstte that the subscriber terminal 13 
moves from a mobfle radio zone into an existing racfo 
zone and quiddy returns to the mobile radio zone, that 
an outside subscriber terminal passes beside a mobie 
radio zone of a train that is stopped at a station, that a 
mobfle radio zone passes beside an outside subscriber 20 
terminal, and that a mobile racfo zone passes beside 
existing base stations. In any one of these poestte 
cases, the subscriber terminal may temporarily switch 
the present channel to another that provides better 
radio waves. 29 
[0053] If this happens, however, the subscriber tern* 
naJ or mobile base station must quickly change its posi- 
tion registering data. This increases traffic and load on 
the network and hinders communication services. To 
avoid this, the present invention sets a predetermined ao 
lag time before sending position registering data when a 
subscriber terminal moves between mobile and existing 
radio zones to change the registered position number 
thereof. Only rf the change lasts for the lag time, does 
the present invention transmit the position registering 35 
data to the network 

[0054] Figures 8Aand8B show the lag time control of 
the present invention. 

[0055] A thirty dotted bar represents the level of sig- 
nals received by a subscriber terminal from an existing 4C 
base station, and a densely dotted bar represents the 
level of signals received by the subscriber terminal from 
the mobile base station. In a period tl. the level of sig- 
nals received from the mobile base station is higher 
than that from the ©cisting base station. A period to is 40 
the lag time between the detection of a change in a 
position number and the execution of a position number 
changing operation. 

[0066] The case of Fig. 8A occurs when the sub- 
scriber terminal is outside the moWe base station, and so 
the mobile base station passes beside tie subscriber 
terminal. Since tl < to. the subsotoer terminal does not 
transmit position registering data. The case of Fig. SB 
occurs when the subscriber terminaJ is on a platform 
where the mobile base station arrives. Since t1 > to. the 55 
subscriber terminal transmits position registering data 
at the timing of an upward arrow mark. 
[0067] In these examples, the subscriber terminal 



determines whether or not the lag time has elapsed and 
carries out a channel switching operation. Instead, the 
mobile base station or existing base station may carry 
out the channel switching operation based on the lag 
time. This enables subscriber terminals available in the 
market to be used as they are for the present invention 
and reduces the traffic of the home memory of the net- 
work. 

[0058] The mobile base station of the present inven- 
tion maintains transmission power in the mobile radio 
zone6 higher than that in ambient existing radio zones, 
so that subscriber terminals in the mobile rado zones 
are not affected by the existing radio zones. 
[0059] The mobile base station of the presort inven- 
tion may monitor the con di tions of channels of the 
mobile radio zones and of the ambient existing radio 
zones, and make the level of signals transmitted in the 
mobile radio zones always higher than that in the exist- 
ing radio zones by a predetermined value. 
[0060] Figures 9 A and 9B show an example of this 
transmission power control 

[0061] A thinly dotted bar represents the level of sig- 
nals received by a subscriber terminal from an existing 
base station, and a densely dotted bar represents the 
level of signals received by the subscriber terminal from 
themobtle base station. 

[0062] The example of Fig. 9A occurs when the 
mobile base station in which the subscriber terrrinal is 
present passes beside the existing base station. The 
reception power of the subscriber terminal reaches a 
peak at the center of Fig. 9A. rf the transmission power 
of the mobile base station is fixed at a value that is 
higher than the peak, the mobile base station must 
excessively oonsune power. In addition, the mobie 
base station may provide peripheral subscriber termi- 
nals with unwanted rado waves when the mobile base 
station traveis through an area where the level of signals 
received from ensUng base stations is low. 
P063] Figure 9B shows an example of transmission 
power control according to the present invention to 
avoid the problem of Fig. 9A. The mobile base station 
variably controls the level of signals to transmit so that it 
is always higher by a predetermined value than the level 
of signals received from existing base stations. As a 
result the level of signals tr an smitted from the moWe 
base station and received by subecrber terminals that 
arepreseminthemobtferactezoneBofmernobdebase 
station is always higher than the level of signals trans- 
mitted from existing base stations and received by the 
subscriber terminals. Even when the mobile base sta- 
tion passes beside existing base stations, no switching 
operation occurs in the subscriber terminals. When the 
mobile base station moves away from an existing base 
station the tr ansmiss ion power of the mobile base sta- 
tion decreases a ccor di n gl y so that no unwanted ratio 
waves are transmitted toward peripheral subscriber ter- 
mnaJa 
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2) Talking state 

[0064] Figures 10A to 13 show the operation of a sub- 
scriber terminal in a talking state moving between a 
mobile radio zone and an existing radio zone. 
[0065] In Figs. 1 0A to 1 1 B, the subscriber terminal in 
a talking state moves from an existing radio zone into a 
mobile radio zone. 

[0066] The mobile base station is in an area where the 
existing radio zones of the existing base stations A and 
8 overlap and moves toward the existing base station B. 
The subscriber terminal is talking through the existing 
base station A and moves into a mobile radio zone of 
the mobile base station. For the subscriber terminal, the 
radio condition of the mobile radio zone becomes better 
than that of the existing radio zone of the existing base 
station A. As a result, the subscriber terminal must 
switch the present channel to another. The subscriber 
terminal sends a radio condition report 2 to the existing 
base station A in step S141. The radio condition report 
2 contains radio conditions relating to the existing base 
stations A and B and mobile base station and a mobile 
base station number. 

[0067] According to the report 2. the existing base sta- 
tion A determines that the radio condition of the mobile 
radio zone is the most suitable tor the subscriber termi- 
nal and requests the network to secure a speech chan- 
nel in steps S143 and S144. The network retrieves an 
existing radio zone in which the mobile base station is 
present out of the home memory according to the 
mobile base station number contained in the report 2. 
Through existing base stations (in this example, the 
existing base stations A and B). the network requests 
the mobile base station to secure a speech channel in 
steps S145 to S147. 

[0068] The mobile base station receives the request 
from the existing base station B in step S148 and 
secures a speech channel in step S1S3. The existing 
base station B secures a speech channel for the mottle 
base station in step Si 55. The network issues a chan- 
nel switching instruction In step S162 to activate the 
respective channels in steps S164 and S166. Through 
the present existing base station A, the subscriber ter- 
minal receives a target radio channel in step Si 69. 
[0069] The subscriber terminal and mobile base sta- 
tion, and toe moble base station and existing base sta- 
tion B synchronize each other in steps S170 and S172 
to maintain the talking state of the subscriber terminal 
wfth no disruption. The easting base station A releases 
the present sp eec h channel in step S176. When the 
talking state terminates, a position registering process 
is carried out as explained with reference to Rg. & 
[0070] In Figs 12A to 13, the subscriber terminal of 
talking state moves from the mobile radio zone into an 
existing radio zone. 

[0071] This may occur when the mottle base station 
of Figs 1 0A to 11 B returns to the existing radio zone of 
the existing base station A. After exiting from the mottle 



radio zone, the subscriber terminal sends a radio condi- 
tion report 2 about ambient radio conditions to the 
mobile base station in step S181. According to the 
report 2, the mobile base station determines that radio 

5 condition of the subscriber terminal is better in the exist- 
ing radio zone than in the mobile radio zone, and 
requests the existing base station B, which is presently 
controlling the mobile base station, to secure a channel 
in steps S1 83 and S184. 

10 [0072] The existing base station B passes the request 
to the network in step S185. The network instructs the 
existing base station A to secure a channel, and the 
existing base station A secures a speech channel 
accordingly in steps S186 and Si 87. The mottle base 

is station specifies a target rado channel for the sub- 
scriber terminal in step S196. The subscriber terminal 
synchronizes itself with the existing base station A and 
maintains the talking state through the newly assigned 
channel in steps S197 to S199. The existing base sta- 

20 tion B and the mobfle base station release the preced- 
ing channels in steps S202 and S203. 
[0073] Simiar to the cases of a subscriber terminal of 
waiting state moving between a mottle ratio zona and 
an existing radio zone, the channel switching operation 

25 in the taWng date takes place only the predetermined 
lag time after the detection of a change in a radio conrf* 
tion report 2. to avoid useless channel switching opera- 
tions. 

so (2) Registering position and selecting control channels 
for mobile base station 

[Q074] Figures 14A and 14B show a position register- 
ing operation of the mobie base station according to the 

35 present invention. 

[0075] As soon as a power source is turned on. the 
mobile base station carries out a position registering 
operatio n to an existing base station (the existing base 
station A in this example) having an existing r actio zone 

40 in which the mottle base station is present The existing 
base station sends a report with a position number to 
the mobie base station. The mobile base station trans- 
mits the position number to the home memory through 
the existing base station, and the home memory relates 

45 the position number to a mobie base station number. 
[0076] In Figs. 14A and 146. the mottle base station 
moves from the existing radio zone of the existing base 
station A into the existing radio zone of the existing base 
station B, scans perch channels in step S213, receives 

so a report from the existing base station Bin step S216, 
and detects a change in a position number in the report 
in step S217. The mobie base station carries out the 
position registering operation merroonsa bdwb in step 
S218. 

55 [0077] A result of the position registering operations 
recorded in the home memory of the network in step 
S224. As is apparent in Figs 14A and 146, subscriber 
terminals controfied by the mottle base station are irrel- 



BNSOOCJD: <EP 083e828A2_L» 



EP0936829A2 14 



evant to these processes. Accordingly, any subscriber 
terminal in the mobile radio zones of the mobile base 
station keeps a position number specific to the mobie 
base station even if the mobile base station carries out 
the position registering operation. 5 

[0078] The mobile base station of the present inven- 
tion involves subscriber terminals that exclusively use 
control channels whenever they make or receive calls. 
Accordingly, the mobile base station must have a plural- 
ity of control channels to make itself ready for control 10 
channel switching requests. If there are no incoming 
and outgoing cals, the mobile base station is in a wait- 
ing state similar to subscriber terminals. At this time, the 
control channels are on perch channels of a corre- 
sponding existing base station, or on seem perch chart- is 
neks. 

[0079] If there is an incoming or outgoing call, the 
mobile base station selects one of the control channels 
that is available tor communication and has a suitable 
quaJty and starts cal control on the selected control 20 
channel. If the number of calls increases to fully occupy 
the control channel, the next available control channel 
having a suitable quality is selected. Since the mobie 
base station is always traveling, a control channel used 
first gradually deteriorates. On the other hand, control 25 
channels that are not used are always on perches that 
are available and have suitable quality in a correspond- 
ing existing radio zone. 

[0080] The base controier 32 (Fig. 5) always selects 
a control channel that is available for communication so 
and has good quality. The control channel presently 
used gradually deteriorates as the mobile base station 
travels, and therefore, is not used for new calls. Conse- 
quently, the control channel presently used wffl be put in 
a waiting slate as soon as it starts to handle no calls, * 
Then, this control channel scans an avaiabte perch of 
good quality in an existing racfo zone. These processes 
are repeated. 

[0081] Figure 15 shows the control channel switching 
operation of the mottle base station a ccording to the 40 
present invention. 

[0062] h this example, the mobile base station has 
three control c hann el s a. hand a Trie switching opera- 
tion of these control channel wii be explained. 
[0083] tn a situation (1), the control <*iamel a handles 45 
a caiJ through the arising base station A. In a situation 
(2), time has passed wrthout change. In a situation (3), 
the control channel b starts to handle a cal tvough the 
existing base station B, and tie control channel a does 
not pick ip a new cal In a situation (4), time hat so 

[0084] In a situation (5). the control channel a hancfles 
no cal. In a situation (6), the control channel a scans 
perches and recognizes the existing base station D The 
control channel c starts to handle a call through the » 
existing base station C. The control channel b doe6 not 
pick 14) a new cal. In situations (7) and (8). time has 
passed without a change. 



[0085] The control channels are used only when con- 
necting incoming and outgoing cails, and therefore, an 
occupation time of the control channels is short. If there 
is a call that occupies a control channel for several sec- 
onds, the call is disconnected as abnormal. Accordingly, 
the control channels need only several seconds to 
restore a waiting state after use. 

(3) Handling incoming call to subscriber terminal in 
mobile racfo zone 

[0066] Figures 16 and 17 show an operation of han- 
dling an incoming call to a subscriber terminal that is 
present in one of the mobile radio zones of the mobile 
base station. 

[0087] Whenanincorrwigcalltothes 
nal occurs, the network retrieves positional data for the 
subscriber terminal out of the home memory. Aa 
explained in "(1) Handing subscriber terminal when it 
moves between existing radio zone and mobile radio 
zone,* the positional data for the subscriber terminal 
has a mobie base station number instead of a position 
number. According to the mobile base station number, 
the home memory retrieves positional data for the 
mobile base station and obtains a position number in 
step 82 30. 

[0068] Then, a cal is made to an existing base station 
having the position number in steps S231 and S232. In 
this example, the existing base station B receives the 
call and cals the mobile base station in step S233. The 
mobile base station relays the call to the mobile ratio 
zones thereof in step S234. The cal is received by the 
co rre spond i ng subscriber terminal, which returns a 
racfo receiving concWon report in step S235. The 
mobie base station temporarily holds the report and 
secures a radio speech unit for the existing base station 
a Thereafter, the mobie base station sends a radio 
receiving condition report to the existing base station B 
instap S23& 

[0089] At mis moment, the radto speech unit is avaia- 
tte only at the mobile base station. Channel co nn ectio n 
control Is separately carried out between the existing 
base station B and the mobile base station, and 
between the subscriber terminal and the mobile base 
staion. The report of the mobile base station is sent to 
the network through the existing base station B in slap 
S237. According to the report the network selects a 
speech channel to be used between the existing base 
staion B and the mobile base station and issues an 
in sfru ction that specifies the sel e ct ed speech channel in 
step S238. The instruction is sent to the mobile base 
staion through the existing base station B in step S239. 
At this moment there is a possfoiity that a speech 
channel is established between another existing base 
staion and the mobie base station. According to the 
raSucbon, the mobile base station activates the speech 
channel in step S247 and usee the radfo speech unit to 
carry out synchronization and establish a speech chan- 
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nel between the existing base station B and the mobile 
base station in steps $251 to S253. 
[0090] tn the mean time, the mobile base station 
refers to the temporarily held radio condition report from 
the subscriber terminal, secures a speech channel in 
the mobile radio zone thereof, and informs the sub- 
scriber terminal of the secured speech channel in step 
$248. The mobile base station and subscriber terminal 
synchronize with each other and establish a speech 
channel between them in steps S249 and S250. Once 
the speech channels are established between the exist- 
ing base station B and the mobile base station, and 
between the mobile base station and the subscriber ter- 
minal, call control signals are transferred between the 
network and the subscriber terminal through the speech 
channels, to complete the handing of the incoming cat 
to the subscriber terminal. 

(4) Handling outgoing cafl from subscriber terminal in 
mobile radio zone 

[0091] Figures 18A and 18B show an operation of 
handing an outgoing call from a subscriber terminal 
that is present in one of the mobile radio zones of the 
mobile base station 

[0092] The subscriber terminal sends a racSo transmit- 
ting condition report to the mobile base station in step 
S260. The mobile base station temporarily holds the 
report and transmits a radio transmitting condition 
report of its own to the existing base station B in step 
S261. 

[0033] Steps S262 to S278 that tolow are the same 
as steps S237 to S253 of Figs. 16 and 17. Once speech 
channels are established between the existing base sta- 
tion B and the mobile base station, and between the 
mobile base station and the subscnber terminal, call 
control signals are transferred between the network and 
the subscrfcer terrranal through the speech channels, to 
complete the handfing of the outgoing call from the sub- 
scriber terminal. 

(5) Switching chapmtetorcUcrfsubecrtoerterrninalin 



[0094] A channel switching operaion for a cal of a 
subscriber terminal that is present in one of the mctoie 
radio zones of the mobie base station m classif ied into 
a channel switching operation between existing radk> 
zones, and a channel switching operation between the 
mobile radio zones of the mobil e base station. 

i ; (jftannei swrtcning operaoon oeiween ext song racno 
zones 

[0095] Figures 19A and 198 show a channel switching 
operation of the mobile base station between existing 
radio zones. 

[0096] The mobile base station is travefing white peri- 



odically obtaining radio condition reports from the exist- 
ing radio zones of peripheral existing base stations. A 
call of a subscriber terminal that is present in one of the 
mobile radio zones of the mobile base station is con- 

5 nected to. tor example, the existing base station B 
through a speech channel. If the radio condition of the 
speech channel connected to the existing base station 
B deteriorates below the radio condition of the existing 
base station A the mobile base station sends a radio 

to condition report 2 in step S280tothe existing base sta- 
tion B with a request for actively switching channels. 

[0097] Upon receiving the request the existing base 
station B requests the network to issue an instruction to 
specify a new radio channel. Upon receiving the instruc- 

is txxi rrom me netwonx, me esossng oase station o trans- 
fers it to the mobie base station in step S292. The 
mobfle base station synchronizes the new channel with 
the existing base station A and switches the present 
speech channel connected to the existing base station 

20 B to the new channel connected to the existing base 
station A in step S293. The existing base station B 
releases the present channel In step S297. Subscriber 
terminals under the control of the mobie base station 
never participate in these operations, and therefore, no 

2s cnannoi swrcrung occurs si tne suDScroer lerrrwiais. 

2) Channel switching between mobile radio zones 

[0098] Figure 20 shows a channel switching operation 
so of a sub6crtoer terminal between the mobile radio zones 
of the mobie base station. 

[0099] The mobile base station is installed in a mobile 
space such as a train, to control mobile radio zones allo- 
cated to cars of the train. While the mobile base station 
38 is traveling, the user of a subscriber terminal moves 
from one mobie radio zone to another, i.e., from one car 
to another. 

[0100] The subscnDer terminal receives zone data 
from tne moots oase station ana rrom penpnerai exis*- 

40 ing base stations and monitors the rarJo conditions of 
the zones. The subscriber terminal periodically ssnds a 
rarJo condition report 2 to the mobie base station in 
step 8300. 1 the subscrtoer terrninal nrwes from a first 
moooe raoK) zone to a s ec o no. tne raoo oonoroon or tne 

45 first one deteriorates, and that of the second one 
improves. 

[0101] At this time, the mobile base station determines 
that the radio condrtion of the second mobile radio zone 
is better for the subscriber terminal than that of the first 

so one. secures a channel of the second one, and informs 
the subscriber terminal of the new channel in steps 
S302 to S304. As soon as toe subscriber terminal syn- 
chronizes itserf wrth the new channel, the speech chan- 
nel to the first mobie radio zone is switched to the new 

55 one in steps S305 to S307. 

[0102] Contrary to the example of Figs. 19Aand19B, 
existing base stations never participate in these opera- 
tions. Accordingry.nocriannelswrtch^ 
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place between the mobile base station and the existing 
base stations during the above operations. If errors 
such as communication bit errors occur between the 
mobile base station and the subscriber terminal, the 
mobile base station determines that the radio condition 5 
is deteriorating and carries out channel switching 
between the mobile radio zones thereof. 

(6) Cutting call of subscriber terminal in mobile radio 
zone 10 

[0103] The cutting of a call of a subscriber terminal 
that is present in one of the mobile radio zone6 of the 
mobile base station is classified into a cut on speech 
completion, a squelch between the mobile base station is 
and an existing base station, and a squelch between the 
mobile base station and the subscriber torrinal 

1) Cut on speech completion 

20 

[0104] Figure 21 shows a speech completion opera- 
tion. 

[0105] When a speech completes from the network, a 
speech completion process is carried out between the 
existi ng base station and subscriber terminal that relate 25 
to the call, through a speech channel. The network 
informs the mobile base station of the cutting of the 
channel through the existing base station in stepe S3 10 
and S311. The mobile base station relays the channel 
cut to the subscriber terminal in step S312 and returns so 
a channel cut acknowledgement to the existing base 
station in step S314. The existing base station cuts the 
speech channel in step S317. The subscrtoer terminal 
receives the channel cut in step S312 and returns an 
acknowledgement in step S31 3. 35 
[0106] Upon receiving the channel cut acknowledge- 
ment from the subscriber terminal, the mobile base sta- 
tion cuts a speech channel to the subscrtoer terminal in 
step S3 15. If a speech completes at the subscriber ter- 
minal, the speech completion process is carried out <o 
between the subscrtoer terminal and the existing base 
station through the speech channel between them The 
network informs the mobie base station of a channel 
cut through the existing base station. The processes 
that follow are the same as those mentioned above. <s 

2) Squelch between mobie base station and existing 
base station 

[0107] Rgure 22 shows a squelch operation between so 
the mobae base station and the existing base station a 
[0108] Themobie base station and existing base sta- 
tion B monitor speech channels and find that a racfo 
condition between them is tower than a predetermined 
level. If this low-level condHton continues tor a predeter- & 
mined time, a squelch action is carried out h stepe 
S320. S321.andS32S 

[0109] The existing base station B informs the network 



829 A2 




of a channel cut and cuts the speech channel in steps 
S322 to S324. On the other hand, the mobae base sta- 
tion informs a corresponding subscriber terminal of the 
channel cut (squelch) in step S326 and waits tor an 
adsnowiedgement from the subscriber terminal. Upon 
receiving the acknowledgement in step S327. the 
mobile base station cuts a corresponding speech chan- 
nel in step S328. 

3) Squelch between mobie base statxxi and subscriber 
terminal 

[0110] Figure 23 shows a squelch operation between 
the mobile base station and a sub6cnber terminal. 
[0111] The mobile base station monitors the radio 
condition of a speech channel connected to the sub- 
scriber terminal. If the radto cond i tion deterior ate s 
below a predetermined level and if it does not improve 
tor a predetermined time in step S330. the mobile base 
station informs the subscriber terminal of a channel cut 
(squelch) in step S332. This information w* not be 
received by the S4Jbscrtoer terminal due to the deteriora- 
tion of the radio condition. 

[0112] At the same time, the mobile base station steps 
signal transmission through a speech channel to the 
existing base station B in step S335. As a result Ihe 
existing base station B acknowledges the squelch in the 
mobile base station tn step S336. and requests the net- 
work to carry out a speech channel cutting operation 
simflar to the case of Fig. 22. 

(7) Exclusive services in mobile ratio zone 

[0113] The present invention provides a variety of 
exclusive services to t>e tram in which the mobile base 
station is installed. The services are provided with voce 
and digital signals through speech channels or as a 
smafl amount of information through control channels. 

1) Services through speech channels 

[0114] Figure 24 shows exclusive services provided in 
the train through speech channels. 
[0115] The services may be special cfial services. The 
user of a subscriber terminal dials a special number 
starting with, for example. "#,• or — in step S340. The 
main control er 34 (Fig. 5) of the mobie base station 
recognizes the special number, and the actortiortal-serv- 
ice supplier 35 determines the contents of a service cor- 
responding to the special number. This service may be 
to cai an information desk in the train and is provided in 
stepS345. 

[0116] The example of Fig. 24 does not fimrt the kinds 
of services provided in step S346 through speech chan- 
nels. The speech channels may be used to provide 
voice i n formation or for data communication such as 
personal-computer comm ujiiea lton and facsimile com- 
munication. The services may include ordering some- 
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thing from a cafeteria in the train and asking tor some 
sightseeing information. 

2) Services through control channels 

[0117] Figures 25 to 27 show services provided 
through control channels in the train. 
[01 18] In Fig. 25. a subscriber terminal receives addi- 
tional information through a control channel. The mobile 
base station periodically sends the additional informa- 
tion with a radio condition report to subscriber terminals 
in step S360. The additional information may be sent at 
other timings or at given intervals. 
[0119] Each subscriber terminal always receives a 
radio condition report from the mobile base station. 
Upon receiving the additional information, the sub- 
scriber terminal may display it on an LCD part thereof. 
The additional information may include an arrival 
announcement for the next stop. The addrtional-service 
supplier 35 (Fig. 5) asks the main controller 34 to pro- 
vide such a service, and the main controller 34 adds the 
service to the radio condition report and sends it to the 
subscriber terminals. 

[0120] Figures 26 and 27 show a service for rejecting 
outgoing and incoming calls. This service uses informa- 
tion about restrictions contained in a radio condition 
report periodically transmitted to subscriber terminals. 
As soon as the train starts, the outgoing and incoming 
call rejection service starts. In Fig. 26. the incoming call 
rejection service turns on a speech rejection in step 
S370. n there is an incoming call from the network to a 
subscriber terminal in steps S373 to S375. the mobile 
base station releases the subscriber terminal in step 
S377 without sending an alert message to the sub- 
scriber terminal. In this case, no ringing occurs on the 
subscriber terminal. 

(0121] In Fig. 27. the outgoing cafl rejection service 
turns on a speech rejection in step S380. If there is an 
outgoing caU from a sUbscnber terminal in step S381, 
the mobile base station simply releases the subscrfoer 
terminal In step S382. In the case of a usual incom- 
ing/outgoing caU restriction, the user of a subscriber ter- 
minal may move to another mobie ra&o zone in another 
car where communication may be possHs if an outgo- 
ing caU is rejected. On the other hand, since the present 
invention shuts down outgoing and in com ing cafl 
sequences itself, the user may not attempt to move to 
another mobile radio zone. 

[0122] The present invention may provide a variety of 
infor ma tion restriction services. For example, a specific 
mobile radio zone such as one for a first-class car may 
be put outside the outgoing and incoming cal restric- 
tions. This may discriminate services depending on 
mobile radio zones. 

3) Services through speech and control channels 
[0123] Figures 28 and 29 show services provided 



through speech and control channels in the train. 
[0124] The user of a subscriber terminal issues a 
voice or data instruction to the additional-service sup- 
plier 35 (Fig. 5) through a speech channel. After a pre- 

5 determined time, a reply is sent to the subscriber 
terminal through a control channel. 
[0125] This service is a combination of the serviceof 
Fig. 24 provided through speech channels and the serv- 
ice of Fig. 25 provided through control channels. 

io Namery, steps S390 to S400 correspond to the services 
using speech channels, and steps S401 to S403 to the 
services using control channels. A replay to the sub- 
scriber terminal may be sent through a speech channel 
instead of a control channel, as in steps S402 to S415. 

is This service may be realized in such a way that the user 
of a subscriber terminal makes a request by voice for 
information about for example, a destination, and the 
mobde base station returns arrival tone for the destina- 
tion. The arrival time is displayed on a display part of the 

20 subscriber terminal. 

[0126] As explained above, the present invention pro- 
vides the special effects of: 

(1) providing subscriber terminals that are present 
25 in the mobile radio zones of a mobie base station. 

with services specific to the mobile base station 
without deteriorating communication quality; 

(2) reducing the numbers of channel switching and 
position re gi s te ring operations even during the 

30 highspeed traveling of the mobile base station, to 
suppress congestion in a network that controls the 
mobie base station and reduce the power con- 
sumption of the subscriber terminals; and 

(3) providing such specific services even to an 
35 immobile area (or a mobie area moving at a speed 

of zero) by allocating a radk> zone to the immobile 
area. 

Claims 

40 

1. A mobile co mmuni cati on system comprising: 

an existing base station tor controlling a fixed 
radio zone that covers a predetermined area; 
45 a mobile base station for controlling a mobile 

radio zone that covers an inner space of a 
mobile object end 
a mobie terminal. 

so 2. The system of daim 1. wherein the mobile base 
station has: 

first commui ticatioi i means tor communicating 
with the existing base station such that the 
55 mobile base station serves as a mobile base 

station for me ensong oase snoon, 
second communication means tor communi- 
cating with the mobie terminal such that the 
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mobile base station serves as a fixed base sta- 
tion for the mobie terminal when the mobile 
terminal is present in the mobile radio zone of 
the mobile base station: and 
main control means for controlling path con- s 
nection between the first and second communi- 
cation means. 

3. The system of claim 2, wherein the first communi- 
cation means connects and switches channels to 10 
the existing base station, independently of the sec- 
ond commumcauon means 

4. The system of claim 2, wherein the first communi- 
cation means has control channels to the existing is 
base station and successively scans perches for 
unused control channels. 

5. The system of daim 2. wherein the second commu- 
nication means connects and switches channels to so 
the mobile terminal, independently of the first com- 
munication means. 

& The system of daim 5. wherein the second commu- 
nication means controls at least one mobile ratio 25 
zone and communicates with mobile terminals that 
are present in the mobde radio zones such that the 
mobile base station serves as a fixed base station 
for the mobiie terminals. 

30 

7. The system of daim 5. wherein the second commu- 
nication means transmits signals whose level is 
greater than the level of signals received from the 
fixed radio zone. 

35 

& The system of daim 7, wherein the level of signals 
to be transmitted is controlled to be relatively 
greater than trie level of received signals. 

a The system of daim 2. wherein the mobile base 40 
station further has: 

addHionaK*ervice supply means for supplying 
additional c o iwmricatton services exclusively 
to the mobie radto zone. 45 

10. The system of daim 9, wherein the addttonaJ com- 
munication services are intfviduaUy supplied to 
mobile radio zones that are under the control of the 
mobile base station. so 

11. The system of daim 2, wherein the mobie terminal 
connects and switches channels when entering into 
or exiting from the mobie ratio zone if an entered 

or exited state lasts for a predetermined time. 55 

12. The system of claim 2, wherein the mobie base 
station confirms that the mobie terminal has 



entered into or exited from the mobile radio zone if 
an entered or exited state continues tor a predeter- 
mined time. 

IX The system of daim 2, wherein the existing base 
station confirms that the mobile terminal has 
entered into or exited from the mobie radio zone rf 
an entered or exited state continues for a predeter- 
mined tone. 

14. A mobile base station provided for a mobile object, 
for communicating with an existing base station 
having a fixed radto zone covering a predetermined 
area and with mobile terminals, and controlling 
mobile radto zones allocated to inner spaces of the 
mobile object comprising: 

base communication means tor communicating 
wrth the existing base station; 
terminal com m u nicati on means tor communi- 
cating with the mobile terminals that are 
present In the mobie radto zones: and 
main co mm un i ca tion control means tor control- 
ling cornmunication between the base commu- 
nication means and the terminal 
communicatton means and providing exclusive 
services to the mobie terminals that are 
present in the mobie ratio zones. 

15. The mobie base station of claim 14, wherein the 
base comrnurucatton means has: 

a base transceiver tor c om m u ni c ati ng with 
existing base stations that form a mobie com- 
munication service network: and 
a base controller tor controlling the base trans- 
ceiver and securing channels tor the base 
transceiver. 

16. The mobie base station of claim 14, wherein the 
terminal corrwnunicatton means has: 

a terminal transceiver tor corrvrtricating with 
tne rnoose termnais; ana 
a terminal controller for control li n g the terminal 
transceiver and securing channels for the 
mobile terminals that move between the mobie 
radio zones. 

17. The mobie base station of claim 14, wherein the 
main cornmunication control means has: 

a main controller for control ing the base con- 
troller of daim 15 and the terminal controller of 
daim 16 and selecting channels between the 
base controller and the terminal controller; and 
an additfonal-servtce suppler for providing the 
exclusive services to the mobie terminals that 
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are present in the mobile radio zones. 



18. The mobile base station of claim 15. wherein the 
base transceiver has control channel units for the 
existing base station, and wherein unused control s 
channel units sequentialy scan perches. 



19. The mobile base station of claim 16. wherein the 
terminal transceiver controls the level of radio sig- 
nals in the mobile radio zones to control the level of 
perches tor the mobile terminals 



20. In a method of controlling communication among a 
network, existing base stations each for controlling 
a fixed radkj zone that covers a predetermined 
area, a mobile base station for controlfng at least 
one mobile radio zone allocated to an inner space 
of a mobile object and mobile terminals, a method 
of registering the position of one of the mobile ter- 
minals that enters into the mobile radio zone from 
one of the fixed radio zones, comprising the steps 
of: 



10 



13 



20 



fixed radio zones, comprising the steps of: 

making the mobile terminal actively issue a 
request for switching channels, the request 
accompanying a radio condition report and 
information about the mobile base station; 
making the existing base station that controls 
the fixed radio zone in question receive the 
request and transfer the same to the network; 
mating the network receive the request and 
issue a request tor securing a channel tor the 
mobile base station according to the informa- 
tion about the mobile base station whose radio 
condition is determined to be the most suitable 
tor the mobie terminal; 

making the mobile base station set according 
to the channel securing request a new speech 
channel between the mobile base station and a 
proper one of the existing base stations; and 
using the new speech channel to set a speech 
channel between the mobile base station and 
the mobie terminal. - 



making the mobile terminal receive a report 
and actively issue, according to the report a 2S 
request tor updating a registered position, the 
request accompanying information about the 
mobile base station; 

making the mobile base station receive the 
request and transfer the same to the network so 
through the existing base station that controls 
the fixed radio zone in question ; and 
making the network receive the request and 
update the registered position of the mobile ter- 
minal stored in a home memory by the intorma- as 
a on odoui me moons oase station. 

21. In the method of controlling communication of claim 
20, a method of registering the posi t ion of one of 
the mobile terminals that exits from the mobile radk) 40 
zone, compri si ng the steps of: 

making the mobile terminal receive a report 
and actively issue, according to the report a 
request tor updating a registered position, the 45 
request accompanying information about the 
mobie base station; 

making a proper one of the existing base sta- 
tions receive the request and transfer the same 
to the network; and so 
making the network receive the request and 
update the registered position of the mobile ter- 
minal stored in a home memory accordingly. 

22. In the method of controlling communication of claim 55 
20, a method of controlling speech channels when 
one of the mobie terminate that is in a talking state 
enters into the mobie radio zone from one of the 



23. In the method of oontrofing communication of daim 
20. a method of controlling speech channels when 
one of the mobile terminals that is in a talking state 
exits from the mobie rado zone, comprising the 

making the mobie terminal actively issue a 
request for switching channels, the request 
accompanying a radio condition report and 
infor mati o n about the mobie base station; 
making the mobile base station receive the 
request and transfer the same to the network 
through a proper one of the existing base sta- 
tions; 

making the network receive the request and 
issue a request tor securing a channel tor one 
of the existing base stations whose radio condi- 
tion is determined to be the most suitable 
accorcfng to the ratto condition report and 
making the existing base station of the most 
suitable radk) condffion set according to the 
channel securing request a new speech chan- 
nel to tie mobie terminal 

24» In the method of oontrofing communication of claim 
20, a method of re giste ring a position of the mobie 
base station that is mating, comprising the steps of: 

making the mobie base station receive a 
report and actively issue, according to the 
report a request tor updating a registered posi- 
tion, the request aooompanying in for ma tion 
about the mobile base station; 
making a proper one of the existing base sta- 
tions receive the request and transfer the same 
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to the network; and 

making the network receive the request and 
update the registered position of the mobie 
base station stored in a home memory accord- 
ingly. 5 

25. In the method of controlling communication of daim 
20, a method of controlling channels of the mobie 
base station that is moving, comprising the steps of: 

10 

making the mobile base station actively issue a 
request for switching channels, the request 
accompanying a radio condition report and 
information about the mobile base station; 
making a proper one of the existing base sta- is 
tions receive the request and transfer the same 
to the network; 

making the network receive the request and 
issue a request for securing a channel for one 
of the existing base stations whose radio condi- so 
tion is determined to be the most suitable 
according to the radio condition report; and 
making the existing base station of the most 
suitable radio condition set according to the 
channel securing request a new speech chan- 25 
ne! to the mobile base station. 

26. !n the method of controlling corrrnunication of darn 
20, a method of handling an incoming call to one of 
the mobile terminate that is under the control of the 30 
mobile base station, comprising the steps of: 

making the network retrieve from a home mem- 
ory information about the mobile base station 
that is controUng the mobile terminal to be as 
called; 

making the mobile base station transfer the cafl 
fromtherietworktothernoWetermn^; 
making the mobile base station receive a racfo 
receiving condition report from the mobile ter- 40 
minaJ and terrporarfyhoid the report 
maWng the mobile base station set a channel 
to a proper one of the existing base stations 
according to a radto receiving condtton report 
of its own; 45 
making the mobile base station connect the set 
channel with a channel to be set to the mobie 
terminal according to the temporarily held 
report; and 

processing the incoming call between the so 
mobie terminal and the network. 

27. In the method of controlling OTrrrnurtication of darn 
20. a method of handing an outgoing call from one 

of the mobile terminals that is under the control of ss 
the mobile base station, comprising the steps of : 

making the mobile terminal transmit a racfo 



transmitting condition report to the mobile base 
station; 

mating the mobile base station temporarily 
hold the report and trarismrt its own radio trans- 
mitting condition report to the network through 
a proper one of the existing base stations; 
mating the mobile base station set a channel 
to the existing base station according to a 
request from the network; 
mating the mobie base station connect the set 
channel with a channel to be set to the mobile 
terminal according to the temporarily held 
report; and 

processing the outgoing call between the 
mobile terminal and the network. 

2a In the method of contofing conwimication of daim 
20, a method of registering the position of one of 
the mo bile terminals in the mobile base station, 
comprising the steps of: 

mating the mobile terminal receive reports 
from the mobie radio zones and actively issue* 
according to the reports, a request tor updating 
a registered position; and 
mating the mobile base station receive the 
request and update the registered position 
managed by the mobile base station. 

2& tn the method of controffng communication of daim 
20, a method of controlling a channel from the 
mobile base station to one of the mobile terminals, 
comprising the steps of: 

mating the mobie terrninal issue a request for 
switching a channel, the request accompany, 
ing a radio condition report about the radto con- 
ditions of the mobile radio zones; and 
mating the mobile base station receive the 
request and set a channel to the mobie termi- 
nal in one of the mobile radk) zones whose 
radio condition Is determined to be the most 
suitable according to the radio condition report 

3a In the method of controSng communication of daim 
20. a method of terminating a call of one of the 
mobile terminals under the control of the mobile 
base station, comprising the steps of: 

cutting a channel between a corre sp on di ng 
one of the existing base stations and the 
mobile base station according to a channel cut- 
ting instruction from the network; and 
mating the mobie base station cut a channel 
to the mobile terminal. 

31. The cat terminating method of claim 30, further 
comprising the stop of: 
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making the mobile base station cut the channel 
to the mobile terminal upon detecting a squelch 
between the existing base station and the 
mobile base station. 

5 

32. The call terminating method of daim 30. further 
comprising the step of: 

making the mobile base station cut the channel 
to the existing base station upon detecting a io 
squelch between the mobile base station and 
the mobile terminal. 



28 



instruction being generated with a special dial 
number, voice, or data; and 
adding a service corresponding to the instruc- 
tion to a report and transmitting them to the 
mobile terminal through a control channel. 



33. In a method of controlling services provided by a 
mobile base station to mobile terminals, the mobile is 
base station being installed in a mobile object to 
cxjmmunicate with existing base stations each con- 
trolling a fixed radio zone that covers a predeter- 
mined area as well as with the mobile terminate, 
the mobile base station controlling at least one a© 
mobile radio zone allocated to an inner space of the 
mobile object, the mobile terminals being present in 
the mobile racfo zone, a method of providing the 
services to the mobile terminals through speech 
channels comprising the steps of: 25 

receiving an instruction from any one of the 
mobile terminals in the mobile radio zone, the 
instruction being generated with a special del 
number, voice, or data; and so 
providing a service corre sp onding to the 
instruction to the mobile terminal through a 
speech channel. 

34. In the method of controfiing services of daim 33, a as 
method of providing the services to the mobile ter- 
minals through control channels comprising the 
step of: 

adding the services to a report and transmitting 40 
them to the mofaio terminals through the con- 
trol < 



35. The method of daim 34, wherein the services 
include speech rejecting data to release incoming 
calls to the mobie terminals. 



48 



36. The method of claim 34, wherein the services 
indude speech restricting data to release outgoing 
calls from the mobile terminals. so 

37. In the method of controlling services of claim 33, a 
method of providing the services to the mobile ter- 
minals through speech and control channels com- 
prising the steps of: 55 



receiving 01 instruction from any one of the 
mobile terminals in the mobie radio zone, the 
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